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METHOD OF DETECTING OR QUANTITATIVELY DETERMINING 
MITOCHONDRIAL DNA 3243 VARIATION, AND KIT THEREFOR 

Technical Field 

The present invention relates to methods for 
detecting and quantifying mitochondrial DNA 3243 mutation 
and a kit therefor. 

Background Art 

The A - G mutation at the 3243rd position of 
mitochondrial DNA (mt3243) is a mutation existing in 1% of 
Japanese diabetes mellitus patients, and occurs at the 
highest frequency among diabetic conditions caused by 
abnormality of a single gene. One of the characteristics 
of abnormality of mitochondrial genes is coexistence of 
normal and abnormal mitochondrial DNAs in various 
proportions, and this state is referred to as heteroplasmy . 
The ratio of mt3243 mutation heteroplasmy is said to 
relate to progression degree of the pathological condition, 
and it is considered that it can be used for. the 
determination of progression degree of the pathological 
condition or therapeutic effect. 

If the mt3243 mutation exists, a recognition site of 
a restriction enzyme emerges at the position of the 
mutation. Therefore, the mutation can be detected by a 
method of amplifying DNA. by PCR so that a portion 
including the mutation position should be amplified, 
digesting the amplification product with a restriction 
enzyme and determining whether the DNA has been digested 
or not by electrophoresis (PCR-RFLP) (for example, refer 
to The Japanese Journal of Clinical Pathology, vol. 44, 8, 
pp. 778-782, 1996) . 

Because PCR amplifies templates of several molecules 
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several billion times, even a trace amount of contaminant 
may cause a false positive or false negative result. In 
PCR-RFLP, the amplification product needs to be collected 
and subjected to a treatment with a restriction enzyme 
after PCR, and therefore the amplification product may 
contaminate the subsequent reaction system. Accordingly, 
a false positive or false negative result may be obtained. 

Further, DNA is treated with a restriction enzyme 
and then subjected to electrophoresis after completion of 
PCR. Therefore, time required for the detection becomes 
extremely long. In addition, because the procedure is 
complicated, automatization is difficult. Furthermore, 
because denaturation and annealing are repeated during PCR, 
a normal type sequence and a mutant type sequence may 
erroneously bind to each other. Such a product is not 
recognized by a restriction enzyme, and therefore it is 
not digested (DNA is digested by a restriction enzyme only 
when both of the double strands are of mutant type) . 
Accordingly, in the quantification of the ratio of 
heteroplasmy, the proportion of the mutant type becomes 
lower than the actual value. 

Meanwhile, as an allele specific amplification 
method, a method called MASA (mutant allele specific 
amplification) method is known (for example, refer to 
Sekiya T. et al. ed., "PCR Front Line - From Basic 
Techniques To Applications", Kyoritsu Shuppan, pp. 140-142, 
1997) . In this method, the mutation allele is 
specifically amplified by performing PCR using a primer 
pair designed so that the 3' end of one primer should be a 
mutated nucleotide. 

Further, a method is also known in which by using a 
system in which fluorescence changes depending on amount 
of an amplification product; PCR amplification product is 
quantified on a real time basis by measuring fluorescence; 
and on the basis of the results, nucleic acids in a sample 
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are quantified (real time quantitative PCR) . By 
performing the MASA method in accordance with this method, 
an amplification product obtained by the MASA method can 
be quantified. 

Furthermore, a method is generally known in which a 
region containing a mutation is amplified by PCR, then a 
melting curve analysis is performed by using a nucleic 
acid, probe labeled with a fluorescent dye, and the 
mutation is analyzed on the basis of the result of the 
melting curve analysis (Clinical Chemistry, vol. 4 6, 5, 
pp. 631-635, 2000; Japanese Patent Application Laid-open 
(Kokai) No. 2002-119291). 

Disclosure of the Invention 

An object of the present invention is to provide 
methods for detecting and quantifying the mt3243 mutation 
and a kit therefor.' Further, another object of the 
present invention is to identify a quenching probe 
effective for the detection of the mt3243 mutation and 
thereby provide a method for detecting the mt3243 mutation 
and a kit therefor. 

The inventors of the present invention found that by 
designing a primer pair on the basis of a specific region 
containing the mt3243 mutation in a mitochondrial DNA, the 
mt3243 mutation could be detected by the MASA method. 

The literature concerning the aforementioned method 
of using a probe only teaches that, concerning the design 
of the probe, the probe should be designed so that, when a 
quenching probe having an end labeled with a fluorescent 
dye hybridizes with a target nucleic acid, two or more 
nucleotide pairs of the probe-nucleic acid hybrid should 
form at least one pair of G and C in the end portion. 
With regard to the mt3243 mutation, the inventors of the 
present invention designed a quenching probe satisfying 
the aforementioned condition .and attempted the detection. 
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However, no quenching probe that enabled detection was 
easily obtained. 

The inventors of the present invention found that by 
designing a. quenching probe based on a specific region 
containing the mt3243 mutation, the mt3243 mutation could 
be detected by a melting curve analysis using the 
quenching probe. 

The present invention was accomplished on the basis 
of the above findings and provides the followings. 

(1) A method for detecting a DNA having- the mitochondrial 
DNA 3243 mutation comprising performing PCR using a DNA 
obtained from a sample as a template and detecting an 
amplification product, wherein primers used for PCR 
include a primer having a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 243 in the nucleotide sequence of SEQ ID 
NO: 1 and having a length of 12 to 30 nucleotides. 

(2) The method according to (1), wherein the primers used 
for PCR comprise a primer having the nucleotide sequence 
of SEQ ID NO: 3 and a primer having the nucleotide 
sequence of SEQ ID NO: 5. 

(3) A method for quantifying a DNA having the 
mitochondrial DNA 324 3 mutation comprising performing 
quantitative PCR using a DNA obtained from a sample as a 
template and quantifying an amplification product, wherein 
the quantitative PCR is a method of using a system in 
which fluorescence changes depending on amount of an* 
amplification product to quantify the amplification 
product in PCR on real time basis by measurement of 
fluorescence and quantifying the DNA in the sample on the 
basis of the result of the measurement, and primers used 
for the quantitative PCR comprise a primer having a 
nucleotide sequence complementary to a nucleotide sequence 
starting from the nucleotide number 243 in the nucleotide 
sequence of SEQ ID NO: 1 and having a length of 12 to 30 
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nucleotides. 

(4) The method according to (3), wherein the primers used 
for the quantitative PCR comprises a primer having the 
nucleotide sequence of SEQ ID NO: 3 and a primer having 
the nucleotide sequence of SEQ ID NO: 5. 

(5) A method for determining a heteroplasmy ratio of the 
mitochondrial DNA 3243 mutation contained in a sample, 
which comprises: 

(a) quantifying a DNA having the mitochondrial DNA 3243 
mutation by the method as defined in (3) or (4), 

(b) quantifying mitochondrial DNAs by a method for 
quantifying mitochondrial DNAs comprising performing 
quantitative PCR using a DNA obtained from a sample as a 
template and quantifying an amplification product, wherein 
the quantitative PCR uses a system in which fluorescence 
changes depending on amount of an amplification product to 
quantify the amplification product in PCR on real time 
basis by measurement of fluorescence, and DNAs in the 
sample is quantified on the basis of the result of the 
measurement, and 

(c) calculating the heteroplasmy ratio of the 
mitochondrial DNA 3243 mutation from the results of (a) 
and (b) . 

(6) The method according to (5), wherein the primers used 
in the step (b) comprises a primer having the nucleotide 
sequence of SEQ ID NO: 3 and a primer having the 
nucleotide sequence of SEQ ID NO: 4. 

(7) The method according to any one of (3) to (6), wherein 
the system comprises a nucleic acid probe of which 5' end 
is labeled with a fluorescent dye, and in which 
fluorescence of the fluorescent dye decreases upon 
hybridization, wherein the nucleic acid probe has a 
nucleotide sequence starting from the nucleotide number 
212 or 215 in the nucleotide sequence of SEQ ID NO: 1 and 
having a length of 15 to 40 nucleotides or a nucleotide 
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sequence starting from the nucleotide number 222 in the 
nucleotide sequence of SEQ ID NO: 2 and having a length of 
15 to 40 nucleotides, or a nucleic acid probe of which 3' 
end is labeled with a fluorescent dye, in which 
fluorescence of the fluorescent dye decreases upon 
hybridization, and which has a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 230 in the nucleotide sequence of SEQ ID 
NO: 2 and having a length of 14 to 40 nucleotides, and 
fluorescence of the fluorescent dye is measured. 

(8) A kit for the method as defined in (1), which 
comprises a primer having a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 243 in the nucleotide sequence of SEQ ID 
NO: 1 and having a length of 12 to 30 nucleotides. 

(9) The kit according to (8), which comprises a primer 
having the nucleotide sequence of SEQ ID NO: 3 and a 
primer having the nucleotide sequence of SEQ ID NO: 5. 

(10) A kit for the method as defined in (3), which 
comprises a primer having a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 243 in the nucleotide sequence of SEQ ID 
NO: 1 and having a length of 12 to 30 nucleotides. 

(11) The kit according to (10), which comprises a primer 
having the nucleotide sequence of SEQ ID NO: 3 and a 
primer having the nucleotide sequence of SEQ ID NO: 5. 

(12) A kit for the method as defined in (5), which 
comprises a first primer pair comprising a primer having a 
nucleotide sequence complementary to a nucleotide sequence 
starting from the nucleotide number 243 in the nucleotide 
sequence of SEQ ID NO: 1 and having a length of 12 to 30 
nucleotides, and a second primer pair for quantifying 
mitochondrial DNAs . 

(13) The kit according to (12), wherein the first primer 
pair comprises a primer having the nucleotide sequence of 
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SEQ ID NO: 3 and a primer having the nucleotide sequence 
of SEQ ID NO: 5. 

(14) The kit according to (12), wherein the second primer 
pair comprises a primer having the nucleotide sequence of 
SEQ ID NO: 3 and a primer having the nucleotide sequence 
of SEQ ID NO: 4. 

(15) The kit according to any one of (10) to (14), which 
further comprises a nucleic acid probe of which 5' end is 
labeled with a fluorescent dye, in which fluorescence of 
the fluorescent dye decreases upon hybridization, and 
which has a nucleotide sequence starting from the 
nucleotide number 212 or 215 in the nucleotide sequence of 
SEQ ID NO: 1 and having a length of 15 to 4 0 nucleotides 
or a nucleotide sequence starting from the nucleotide 
number 222 in the nucleotide sequence of SEQ ID NO: 2 and 
having a length of 15 to 40 nucleotides, or a nucleic acid 
probe of which 3' end is labeled with a fluorescent dye, 
in which fluorescence of the fluorescent dye decreases 
upon hybridization, and which has a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 230 in the nucleotide sequence of SEQ ID 
NO: 2 and having a length of 14 to 40 nucleotides. 

(16) A nucleic acid probe of which end is labeled with a 
fluorescent dye, and in which fluorescence of the 
fluorescent dye decreases upon hybridization, wherein the 
nucleic acid probe has a nucleotide sequence complementary 
to a nucleotide sequence starting from the nucleotide 
number 230 in the nucleotide sequence of SEQ ID NO: 2 and 
having a length of 14 to 40 nucleotides, and the 3' end of 
the probe is labeled with the fluorescent dye. 

(17) The nucleic acid probe according to (16), wherein the 
nucleic acid probe has the nucleotide sequence of SEQ ID 
NO: 21 or 22. 

(18) A method for detecting a mutation comprising 
performing a melting curve analysis for a nucleic acid 
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having a single nucleotide polymorphism site by using a 
nucleic acid probe labeled with a fluorescent dye and 
measuring fluorescence of the fluorescent dye, and 
detecting the mutation on the basis of the result of the 
melting curve analysis, wherein the single nucleotide 
polymorphism is a mutation at the 3243rd position in a 
mitochondrial DNA, and the nucleic acid probe is the 
nucleic acid probe as defined in (16) or (17) . 

(19) The method according to (18), wherein a region 
containing a single nucleotide polymorphism site in a 
nucleic acid contained in a sample is amplified to obtain 
the nucleic acid showing the single nucleotide 
polymorphism. 

(20) The method according to (19), wherein the 
amplification is performed by a method of using a DNA 
polymerase . 

(21) The method according to (20) , wherein the 
amplification is performed in the presence of a nucleic 
acid probe. 

(22) A kit for the method as defined in (18), which 
comprises a nucleic acid probe of which end is labeled 
with a fluorescent dye, and in which fluorescence of the 
fluorescent dye decreases upon hybridization, wherein the 
nucleic acid probe has a nucleotide sequence complementary 
to a nucleotide sequence starting from the nucleotide 
number 230 in the nucleotide sequence of SEQ ID NO: 2 and 
having a length of 14 to 40 nucleotides, and the 3' end of 
the probe is labeled with the fluorescent dye. 

(23) The kit according to (22), wherein the nucleic acid 
probe has the nucleotide sequence of SEQ ID NO: 21 or 22. 

(24) The kit according to (22) or (23), which further 
comprises a primer for amplifying a region containing the 
3243rd mutation in a mitochondrial DNA by a method of 
using a DNA polymerase. 

In the present specification, a nucleotide sequence 
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complementary to an objective nucleotide sequence means a 
nucleotide sequence complementary to the objective 
nucleotide sequence for the full length of the objective 
nucleotide sequence. 

Brief Description of the Drawings 

Fig. 1 shows quantification results for the the 
total sequences obtained by the method of Example 1 (using 
primers F-24 and R-19) . 

Fig. 2 shows quantification results for the mutant 
type sequences obtained by the method of Example 1 (using 
primers F-24 and R-mt-16) . 

Fig. 3 shows quantification results for samples 
containing mutant genes in different proportions obtained 
by the method of Example 1 (using primers F-24 and R-mt- 
16) . 

Fig. 4 shows positions of quenching probes that 
cannot identify a mutation. 

Fig. 5 shows positions of quenching probes that can 
identify a mutation. 

Fig. 6 shows quantification results for samples 
containing mutant genes in different proportions obtained 
by the method of Example 2. In the drawing, the "wild" 
denotes wild type, and "mutant" denotes mutant type. 

Best Mode for Carrying out the Invention 

<1> First detection method of the present invention 

The first detection method of the present invention 
is a method for detecting a DNA having the mitochondrial 
DNA 3243 mutation, comprising performing PCR using a DNA 
obtained from a sample as a template and detecting an 
amplification product, characterized in that primers used 
for PCR comprises a primer having a nucleotide sequence 
complementary to a nucleotide sequence starting from the 
nucleotide number 243 in the nucleotide sequence of SEQ ID 
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NO: 1 and having a length of 12 to 30 nucleotides. 

The sample is not particularly limited so long as it 
contains mitochondria. Examples thereof include blood,, 
oral swab, tissue and so forth. DNAs can be obtained from 
these samples in an ordinary manner under conditions under 
which mitochondrial DNAs can be prepared. 

PCR in the first detection method of the present 
invention can be performed by a usual PCR method except 
that a DNA obtained from a sample is used as a template, 
and specific primers are used. 

The primers used in the present invention comprise a 
primer having a nucleotide sequence complementary to a 
nucleotide sequence starting from the nucleotide number 
243 in the nucleotide sequence of SEQ ID NO: 1 and having 
a length of 12 to 30 nucleotides. That is, one of the 
primers used in PCR is a primer having a nucleotide 
sequence complementary to a nucleotide sequence starting 
from the nucleotide number 243 in the nucleotide sequence 
of SEQ ID NO: 1 and having a length of 12 to 30 
nucleotides. 

The 3' end of this primer is the site of the mt3243 
mutation. Accordingly, ah extension reaction by a DNA 
polymerase occurs only when this primer anneals, and thus 
a DNA having the mutant type sequence is specifically 
amplified. Therefore, a DNA having the mt3243 mutation 
can be detected by detecting the amplification product. 

The primers used for PCR can be designed in the same 
manner as in a method for designing a primer pair for 
usual PCR except that they are designed in a region 
enabling PCR and comprise a primer designed so that the 3' 
end thereof should be the mt3243 mutation site as 
described above. The length and Tm of the primers are 
usually 12- to 40-mer and 40 to 70°C, preferably 16- t.o 
30-mer and 55 to 60°C, respectively. Primers of the 
primer pair may not be equal in length. However, it is 
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preferred that the Tm values of the primers are 
substantially equal (the difference is usually within 2°C) . 
The Tm values are values calculated by the nearest 
neighbor method. Examples of the primer pair include 
primers having the nucleotide sequences of SEQ ID NOS: 3 
and 5 . 

The aforementioned primer pair in a specific region 
can be designed according to a method known to those 
skilled in the art taking PCR conditions into 
consideration. The primer pair can be designed by using a 
computer program for designing primers. 

PCR conditions can be selected according to a usual 
PCR method. A typical example of the composition of the 
PCR reaction mixture used for the first detection method 
of the present invention is as follows. 

Table 1 

DNA fragments 10 1 to 10 8 molecules/reaction 

Primers 200 to 1000 nM 

Nucleotides 20 to 200 yM each 

DNA polymerase 0.01 to 0.03 U/yl 

Tris-HCl (pH 8.4 to 9.0) 5 to 20 mM 

MgCl 2 1.5 to 3 mM 

KC1 10 to 100 mM 

Glycerol 0 to 20% 

(Final liquid volume: 10 to 100 yl) 

Further, a typical example of the temperature cycle 
used for the first detection method of the present 
invention is as follows, and this temperature cycle is 
usually repeated 25 to 40 times. 

(1) Denaturation at 90 to 98°C for 1 to 60 seconds 

(2) Annealing at 60 to 70°C for 10 to 60 seconds 

(3) Extension at 60 to 75°C for 10 to 180 seconds 

When annealing and extension are performed in one 
step, conditions of 60 to 70°C for 10 to 180 seconds may 
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be used, for example. 

In the first detection method of the present 
invention, an amplification product can be detected 
according to a usual method for detecting an amplification 
product. For example, the amplification product may be 
detected by agarose gel electrophoresis, or measuring 
fluorescence in the presence of a substance of which 
fluorescence changes when it binds to the amplification 
product (for example, a fluorescent dye that binds to a 
double-stranded DNA, of which fluorescence intensity 
changes due to the binding etc.). 

<2> Quantification method of the present invention 

The quantification method of the present invention 
is a method for quantifying a DNA having the mitochondrial 
DNA 3243 mutation, comprising performing quantitative PCR 
using a DNA obtained from a sample as a template and 
quantifying an amplification product, and characterized in 
that the quantitative PCR is a method of using a system in 
which fluorescence changes depending on amount of an 
amplification product to quantify the amplification 
product in PCR on real time basis by measurement of 
fluorescence and quantifying the DNA in the sample on the 
basis of the result of the measurement, and primers used 
for quantitative PCR comprise a primer having a nucleotide 
sequence complementary to a nucleotide sequence starting 
from the nucleotide number 243 in the nucleotide sequence 
of SEQ ID NO: 1 and having a length of 12 to 30 
nucleotides . 

Preparation of DNA from the sample and primers are 
as explained above with regard to the detection method of 
the present invention. 

The quantitative PCR, in which the amplification 
product of PCR is quantified on real time basis by using a 
system in which fluorescence changes depending on the 
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amount of amplification product and measuring the- 
fluorescence, and a DNA .in the sample is quantified on the 
basis of the result, can be performed according to a known 
method. Examples of such a method include a method of 
using a fluorescence-labeled probe that hybridizes with 
the amplification product, a method of using a reagent 
that specifically binds to double-stranded DNA and so 
forth. 

Examples of the fluorescence-labeled probe include a 
probe bound with a fluorescent dye at the 5' end and bound 
with a quenching substance that absorbs energy emitted 
from the fluorescent dye at the 3' end (for example, 
TaqMan® Probe) , a nucleic acid probe of which end is 
labeled with a fluorescent dye of which fluorescence 
decreases upon hybridization (for example, see Japanese 
Patent Application Laid-open No. 2002-119291) and so forth. 

A probe that can be used in the present invention 
will be explained below by referring, as an example, to a 
nucleic acid probe of which end is labeled with a 
fluorescent dye of which fluorescence decreases upon 
hybridization (quenching probe) . In this embodiment, the 
quenching probe is designed so that, when the probe 
hybridizes with a target nucleic acid, the probe-nucleic 
acid hybrid comprising two or more nucleotide pairs should 
form at least one pair of G and C in the end portion. 
Examples of the probe designed as described above and 
having a 5' end labeled with a fluorescent dye include 
those having a nucleotide sequence starting from the 
nucleotide number 212 or 215 in the nucleotide sequence of 
SEQ ID NO: 1 and having a length of 15 to 40 nucleotides 
or a nucleotide sequence starting from the nucleotide 
number 222 in the nucleotide sequence of SEQ ID NO: 2 and 
having a length of 15 to 40 nucleotides. Further, 
examples of the probe having a 3' end labeled with a 
fluorescent dye include those having a nucleotide sequence 
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complementary to a nucleotide sequence starting from the 
nucleotide number 230 in the nucleotide sequence of SEQ ID 
NO: 2 and having a length of 14 to 40 nucleotides. 

The quenching probe used in the present invention 
may be the same as the quenching probe described in 
Japanese Patent Application Laid-open No. 2002-119291 
except that it should have such a nucleotide sequences as 
described above. Examples of the nucleotide sequence of 
the quenching probe used in the present invention include 
the sequences of SEQ ID NOS: 6 to 10. As the fluorescent 
dye, those described in Japanese Patent Application Laid- 
open No. 2002-119291 can be used, and specific examples * 
thereof include FAM (trademark) , TAMRA (trademark) , BODIPY 
(trademark) FL and so forth. The fluorescent dye can be 
bound to an oligonucleotide according to a usual method, 
for example, by the method described in Japanese Patent 
Application Laid-open No. 2002-119291. 

The quantification method of the present invention 
can be performed according to a real time PCR method based 
on measurement of fluorescence of a fluorescent dye except 
that a region containing the mt3243 mutation in a 
mitochondrial DNA is amplified by using a specific primer 
pair. In the quantification method of the present 
invention, amplification is performed in the presence of 
the aforementioned probe, and the amplification reaction 
conditions and so forth can be easily adjusted by those 
skilled in the art depending on the used probe. 

A typical example of the composition of the PCR 
reaction mixture used for the quantification method of the 
present invention is as follows. 
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Table 2 



DNA fragments 
Primers 



10 1 to 10 8 molecules/reaction 
200 to 1000 nM 



Probe 



100 to 1000 nM 



DNA polymerase 

Tris-HCl (pH 8.4 to 9.0) 

MgCl 2 

KC1 

Glycerol 



Nucleotides 



20 to 200 ]iM each 
0.01 to 0.03 U/yl 
5 to 20 mM 
1.5 to 3 mM 
10 to 100 mM 
0 to 20% 



(Final liquid volume: 10 to 100 pi) 

Further, a typical example of the temperature cycle 
is as follows, and this temperature cycle is usually 
repeated 25 to 40 times. 

(1) Denaturation at 90 to 98°C for 1 to 60 seconds . 

(2) Annealing at 60 to 70°C for 10 to 60 seconds 

(3) Extension at 60 to 75°C for 10 to 180 seconds 

When annealing and extension are performed in one 
step, conditions of 60 to 70°C for 10 to 180 seconds can 
be mentioned, for example. 

In the quantification method of the present 
invention, the detection is performed while PCR is being 
performed. Therefore, it is not necessary to handle the 
amplification product after completion of the reaction. 
Accordingly, there is no risk of contamination with the 
amplification product. Further, the detection is 
performed while PCR is being performed, time required for 
the detection can be markedly reduced. Furthermore, 
because the detection is performed with the same equipment 
as required for the amplification, it is not necessary to 
move a vessel. Therefore, automatization of the method is 
also easy. Further, because restriction enzymes are not 
used, the method shows superior quantitativity . 

This method is also highly sensitive and enables 
detection even for a heteroplasmy ratio of 1% or lower. 
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Therefore, by quantifying a DNA having the mt3243 mutation 
by the aforementioned quantification method and 
quantifying the total mitochondrial DNAs, the heteroplasmy 
ratio of mt3243 mutation can be obtained on the basis of 
the results of those quantifications. That is, the 
present invention provides a method for determining the 
heteroplasmy ratio of mt3243 mutation. The determination 
method of the present invention is characterized by 
comprising (a) quantifying a DNA having the mitochondrial 
DNA 3243 mutation by the quantification method of the 
present invention, (b) quantifying mitochondrial DNAs by a 
method for quantifying mitochondrial DNAs comprising 
performing quantitative PCR using a DNA obtained from a 
sample as a template and quantifying an amplification 
product, wherein the quantitative PCR uses a system in 
which fluorescence changes depending on amount of an 
amplification product to quantify the amplification 
product of PCR on real time basis by measurement of 
fluorescence, and the DNAs in the sample are quantified on 
the basis of the result of the measurement, and (c) 
calculating the heteroplasmy ratio of the mitochondrial 
DNA 3243 mutation from the results of (a) and (b) . 

The step (b) can be performed in the same manner as 
in the step (a) except that the primers are designed so 
that mitochondrial DNAs can be amplified regardless of the 
presence or absence of the mt3243 mutation. 

The primer pair used for PCR in the step (b) can be 
designed in the same manner as in a method for designing a 
primer pair for usual PCR. The length and Tm of the 
primers are usually 12- to 40-mer and 40 to 70°C, 
preferably 16- to 30-mer and 55 to 60°C, respectively. 
Primers of the primer pair may not be equal in length. 
However, it is preferred that the Tm values of the primers 
are substantially equal (the difference is usually within 
2°C) . The Tm values are values calculated by the nearest 



17 



neighbor method. The primer pair used in the step (b) 
preferably overlaps the primer pair used in the step (a) 
in most parts. By designing the primer pairs as described 
above, influence of the differences between the primer 
pairs on amplification efficiency can be reduced, and a 
correct heteroplasmy ratio can be obtained. Examples of 
the primer pair include a pair of primers having the 
nucleotide sequences of SEQ ID NOS: 3 and 4. 

Because a quantified value for the mutant type 
mitochondrial DNAs can be obtained in the step (a) , and a 
quantified value for the total mitochondrial DNAs can be 
obtained" in the step (b) , the heteroplasmy ratio can be 
obtained by dividing the quantified value of (a) with the 
quantified value of (b) . Because the quantification 
results of the steps (a) and (b) are used in the step (c) , 
the steps (a) and (b) may be simultaneously performed, or 
either one of them may be performed first. 

<3> Detection kit of the present invention 

The detection kit of the present invention is a kit 
used for the first detection method of the present 
invention. This kit is characterized by including a 
primer having a nucleotide sequence complementary to a 
nucleotide sequence starting from the nucleotide number 
243 in the nucleotide sequence of SEQ ID NO: 1 and having 
a length of 12 to 30 nucleotides. 

The primers are as explained in the above with 
regard to the detection method of the present invention. 

In the detection kit . of the present invention, 
primers may be supplied as a mixture or separately 
included. 

The detection kit of the present invention may 
further include reagents required for PCR and/or the 
detection of amplification product in addition to the 
primers . 
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<4> Quantification kit of the present invention 

The quantification kit of the present invention is a 
kit used for the* quantification method of the present 
invention. This kit is characterized by including a 
primer having a nucleotide sequence complementary to a 
nucleotide sequence starting from the nucleotide number 
243 in the nucleotide sequence of SEQ ID NO: 1 and having 
a length of 12 to 30 nucleotides. 

The quantification kit of the present invention 
preferably includes a nucleic acid probe (quenching probe) 
of which 5' end is labeled with a fluorescent dye, and in 
which fluorescence of the fluorescent dye decreases upon 
hybridization, wherein the nucleic acid probe has a 
nucleotide sequence starting from the nucleotide number 
212 or 215 in the nucleotide sequence of SEQ ID NO: 1 and 
having a length of 15 to 40 nucleotides or a nucleotide 
sequence starting from the nucleotide number 222 in the 
nucleotide sequence of SEQ ID NO: 2 and having a length of 
15 to 40 nucleotides. 

The primers and the quenching probe are as explained 
above with regard to the quantification. method of the 
present invention. 

The quantification kit of the present invention may 
further include reagents required for PCR in the 
quantification method of the present invention in addition 
to the quenching probe. When the quantification kit of 
the present invention is used to measure the heteroplasmy 
ratio, the primer pair in the quantification kit of the 
present invention used in the step (b) preferably overlaps 
the primer pair used in the step (a) in most parts. 

In the quantification kit of the present invention, 
the quenching probe, primers and other reagents may be 
separately included, or a part thereof may be provided as 
a mixture. 
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<5> Probe of the present invention and second detection 
method of the present invention 

The probe of the present invention is a nucleic acid 
probe of which end is labeled with a fluorescent dye, and 
in which fluorescence of the fluorescent dye decreases 
upon hybridization, wherein the probe has a nucleotide 
sequence complementary to a nucleotide sequence starting 
from the nucleotide number 230 in the nucleotide sequence 
of SEQ ID NO: 2 and having a length of 14 to 40 
nucleotides, and the 3' end of the probe is labeled with 
the fluorescent dye. 

The probe of the present invention may be similar to 
the quenching probe described in Japanese Patent 
Application Laid-open No. 2002-119291 except that it has a 
. nucleotide sequence complementary to a nucleotide sequence 
starting from the nucleotide number 230 in the nucleotide 
sequence of SEQ ID NO: 2 (sequence having the mutant type 
nucleotide in the mt324 3 mutation) and having a length of 
14 to 40 nucleotides. Examples of the nucleotide sequence 
of the quenching probe used in the present invention 
include the nucleotide sequences of SEQ ID NOS: 21 and 22. 
As the fluorescent dye, those described in' Japanese Patent 
Application Laid-open No. 2002-119291 can be used, and 
specific examples thereof include FAM (trademark) , TAMRA 
(trademark), BODIPY (trademark) FL and so forth. The 
fluorescent dye can be bound to an oligonucleotide in an 
ordinary manner, for example, by the method described in 
Japanese Patent Application Laid-open No. 2002-119291. 

The second detection method of the present invention 
is a method for detecting a mutation by performing a 
melting curve analysis for a nucleic acid having a single 
nucleotide polymorphism site by using a nucleic acid probe 
labeled with a fluorescent dye and measuring fluorescence 
of the fluorescent dye, and detecting the mutation on the 
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basis of the result of the melting curve analysis, and 
characterized in that the single nucleotide polymorphism 
is the 3243 mutation, and the nucleic acid probe is the 
probe of the present invention. 

The second detection method of the present invention 
can be performed according to usual methods for nucleic 
acid amplification and melting curve analysis (Tm 
analysis) except that a region containing the mt3243 
mutation is amplified, and the probe of the present 
invention is used. 

As the method for nucleic acid amplification, a 
method of using a polymerase is preferred, and examples 
thereof include PCR, ICAN, LAMP and so forth. When 
amplification is performed by a method using a polymerase, 
amplification is preferably performed in the presence of 
the probe of the present invention. The reaction 
conditions of the amplification and others can be easily 
adjusted depending on the used probe by those skilled in 
the art. In this method, only Tm of the probe is analyzed 
after amplification of a nucleic acid, and therefore it is 
not necessary to handle the amplification product after 
completion of the reaction. Thus, there is no risk of 
contamination with the amplification product. Further, 
because the detection is performed with the same equipment 
as required for the amplification, it is not even 
necessary to move a vessel. Therefore, automatization of 
the method is also easy. 

The method will be further explained below by 
referring, as an example, to a case of using PCR. The 
primer pair used for PCR can be designed in the same 
manner as in a method for designing a primer pair in usual 
PCR except that it is designed so that a region to which 
the probe of the present invention is hybridizable should 
be amplified. The length and Tm of the primers are 
usually 12- to 40-mer and 40 to 70°C, preferably 16- to 



30-mer and 55 to 60°C, respectively. Primers of the 
primer pair may not be equal in length. However, it is 
preferred that the Tm values of the primers are 
substantially equal (the difference is usually within 2°C) 
The Tm values are values calculated by the nearest 
neighbor method. Examples of the primer pair include a 
primer pair comprising primers having the nucleotide 
sequences of SEQ ID NOS: 2 and 3. 

PCR is preferably performed in the presence of the 
probe of the present invention. This enables the Tm 
analysis without performing any operation of handling the 
amplification product after completion of the 
amplification reaction. Tm values of primers and reaction 
conditions of PCR can be easily adjusted by those skilled 
in the art depending on the used probe. 

A typical example of the composition of the reaction 
mixture for PCR is as follows. 



Table 3 

DNA fragments 

Primers 

Probe 

Nucleotides 

DNA polymerase 

Tris-HCl (pH 8.4 to 9.0) 

MgCl 2 

KC1 

Glycerol 

(Final fluid volume: 10 to 



10 1 to 10 8 molecules/reaction 
200 to 1000 nM 
100 to 1000 nM 
20 to 200 ]M each 
0.01 to 0.03 U/]il 
5 to 20 mM 
1.5 to 3 mM 
10 to 100 mM 
0 to 20% 
100 \xl) 



Further, a typical example of the temperature cycle 
is as follows, and this temperature cycle is usually 
repeated 25 to 40 times. 

(1) Denaturation at 90 to 98°C for 1 to. 60 seconds 

(2) Annealing at 60 to 70*C for 10 to 60 seconds 

(3) Extension at 60 to 75°C for 10 to 180 seconds 
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When annealing and extension are performed in one 
step, conditions of 60 to 70°C for 10 to 180 seconds can 
be mentioned, for example. 

The Tm analysis can be performed in a conventional 
manner except that fluorescence of the fluorescent dye 
binding to the probe of the present invention is measured. 
Fluorescence can be measured by using excitation light 
having a wavelength suitable for the fluorescent dye and 
measuring intensity of light of the emission wavelength. 
The temperature increasing rate in the Tm analysis is 
usually 0.1 to 1°C per second. Composition of the 
reaction mixture for Tm analysis is not particularly 
limited so long as a probe and a nucleic acid having a 
sequence complementary to the nucleotide sequence of the 
prove can hybridize to each other. However, the 
monovalent cation concentration is usually 1.5 to 5 mM, 
and pH is usually 7 to 9. Because a reaction mixture for 
an amplification method using a DNA polymerase such as PCR 
usually satisfies these conditions, the reaction mixture 
after the amplification can be used as it is for the Tm 
analysis. 

The mt3243 mutation can be detected on the basis of 
the results of the Tm analysis in an ordinary manner. The 
detection in the second detection method of the present 
invention include not only detection of the presence or 
absence of a mutation, but also quantification of mutant 
type DNA and determination of the ratio of wild type DNA 
and mutant type DNA. 

<6> Kit of the present invention 

The kit of the present invention is a kit used for 
the second detection method of the present invention. 
This kit is characterized by including a nucleic acid 
probe of which end is labeled with a fluorescent dye and 
in which fluorescence of the fluorescent dye decreases 
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upon hybridization (quenching probe) , wherein the probe 
has a nucleotide sequence complementary to a nucleotide 
sequence starting from the nucleotide number 230 in the 
nucleotide sequence of SEQ ID NO: 2 and having a length of 
14 to 40 nucleotides, and the 3' end of the probe is 
labeled with the fluorescent dye. 

The quenching probe is as explained above with 
regard to the probe of the present invention. 

The kit of the present invention may include 
reagents required for amplification of a nucleic acid in . 
the second detection method of the present invention, in 
particular, primers for amplification using a DNA 
polymerase, in addition to the quenching probe. 

In the kit of the present invention, the quenching 
probe, primers and other reagents may be separately 
included, or a part thereof may be provided as a mixture. 

Examples 

The present invention will be explained more 
specifically with reference to the following examples. 

Example 1 

The primers shown in Table 4 were designed on the 
basis of the nucleotide sequence containing the site of 
human mitochondrial 324 3 A - G mutation (mt3243 mutation) 
(SEQ ID NO: 2, the nucleotide number 243 corresponds to 
the 3243rd position in the mitochondrial gene) so that a 
region containing the mt3243 mutation could be amplified. 
In Table 4, the positions are indicated with the 
nucleotide numbers in the nucleotide sequence of SEQ ID 
NO: 2. 
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Table 4 
" Primers 
Name 

F-24 
R-19 
R-mt-16 



Sequence (5' 3' ) 

ctcaacttagtattatacccacac 

ttttatgcgattaccgggc 

atgcgattaccgggcc 



mer Position 



24 
19 
16 



187-210 
262-244 
258-243 



SEQ ID 
NO: 

3 

4 

5- 



Then, probes having C at the ends shown in Table 5 
were designed. In Table 5, the positions are indicated 
with the nucleotide numbers in the nucleotide sequence of 
SEQ ID NO: 1 or 2. Further, the capital letters in the 
nucleotide sequences represent sites of the mt3243 
mutation, and (P) at the 3' ends means being 
phosphorylated. The probe was labeled with BODIPY 
(trademark) FL in a conventional manner. 



Table 5 
Probes 

Name 

5FL-mut-5- 
23 

5FL-1-24 
5FL-1-26 
5FL-1-28 
5FL-3-30 



Sequence (5' -> 3') mer Position 

(BODIPY FL)-cagggtttgttaagatggcagGg-(P) 23 222-244 
(SEQ ID NO: 6) 

(BODIPY FL) -ccaagaacagggtttgttaagatg- (P) 24 215-238 
(SEQ ID NO: 7) 

(BODIPY FL) -ccaagaacagggtttgttaagatggc- (P) 26 215-240 
(SEQ ID NO: 8) 

(BODIPY FL) -ccaagaacagggtttgttaagatggcag- ( P) 28 215-242 
(SEQ ID NO: 9) 

(BODIPY FL) -cacccaagaacagggtttgttaagatggca- (P) 30 212-241 
(SEQ ID NO: 10) 



Real time PCR was performed by using a plasmid 
incorporated with a region around the mt3243 mutation as a 
sample and iCycler (Bio-Rad) under the conditions shown 
below. The excitation wavelength and detection wavelength 
in the real time analysis were 490 nm and 530 nm, 
respectively. 
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Table 6 

Compositions of Reaction mixture 

1. System for -quantification of both normal sequence and 
mutant type sequence (system for quantification of total 
mitochondrial DNA number.) 

H 2 0 17.575 yL 

10 x Gene Taq buffer 2.5 yL 

40% Glycerol 1.875 yL 

10 mM each dATP, dUTP, dGTP, dCTP 0.5 yL 

2 U/yL Uracil-N-glycosylase 0.05 yL 

5 yM Probe 1 yL 

100 yM Primer F-24 0.125 y L 

100 yM Primer R-19 0.25 yL 

5 U/yL Gene Taq 0.125 yL 

Sample 1 yL 

Total 25 yL 

2. System for quantification of mutant type sequence 
(system for quantification of number of mitochondrial DNAs 
having mutation) 

H 2 0 18.825 yL 

10 x Gene Taq buffer 2 . 5 yL 

40% Glycerol 0.625 yL 

10 mM each dATP, dUTP, dGTP, dCTP 0.5 yL 

2 U/yL Uracil-N-glycosylase 0.05 yL 

5 yM Probe 1 yL 

100 yM Primer F-24 0.125 yL 

100 yM Primer R-mt-16 0.25 yL 

5 U/yL Gene Taq 0.125 yL 

Sample 1 yL 

Total 25 yL 
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Table 7 

Reaction conditions 
50°C, 2 min 
i 

95°C, 2 min 
i 

95°C, 10 sec 

56°C, 30 sec (50 cycles) 

Samples containing plasmids having the normal type 
sequence in various copy numbers were prepared as samples, 
and quantification was performed by using the probe 5FL-3- 
30 as the probe in the system 1 mentioned above. The 
results are shown in Fig. 1. As seen from the results 
shown in the drawing, it was confirmed that quantification 
was possible. 

Samples containing plasmids having the mutant type 
sequence in various copy numbers were prepared as samples, 
and quantification was performed by using the probe 5FL-3- 
30 as the probe in the system 2 mentioned above. The 
results are shown in Fig. 2. As seen from the results 
shown in the drawing, it was confirmed that quantification 
was possible. 

Mixtures of samples containing plasmids having the 
mutant type sequence and plasmids having the normal type 
sequence at various ratios were prepared as samples, and 
quantification was performed by using the probe 5FL-3-30 • 
as the probe in the system 2 mentioned above. The results 
are shown in Fig. 3. When the same samples were 
quantified by using the system 1 mentioned above, and the 
ratio of the mutant type sequence was calculated, results 
consistent with the ratios at the time of preparation of 
the samples were obtained. 

When probes 5FL-1-24, 5FL-1-26, 5FL-1-28 and 5FL- 
mut-5-23 were used as the probes, similar results were 
also obtained. 



27 



In Figs. 1 to 3, the vertical axis represents 
fluorescence intensity relative to the intensity at the 
start of the reaction, which was taken as 100%, and the 
horizontal axis represents the number of PGR cycles. 

Example 2 

The primers shown in Table 8 were designed on the 
basis of the nucleotide sequence containing the site of 
human mitochondria 3243 A G mutation (mt3243 mutation) 
(SEQ ID NO: 2, the nucleotide number 243 corresponds to 
the 3243rd position in the mitochondrial gene) so that a 
region containing the mt3243 mutation could be amplified. 
In Table 8, the positions are indicated with the 
nucleotide numbers in the nucleotide sequence of SEQ ID 
NO: 1. 

Table 8 
Primers 

Name Sequence (5' - 3') mer Position SEQ ID 

F-27 catctcaacttagtattatacccacac 27 184-210 11 
R-22 agaggaattgaacctctgactg 22 296-275 12 

Then, the probes having C at the ends shown in Table 
9 were designed. In Table 9, the positions are indicated 
with the nucleotide numbers in the nucleotide sequence of 
SEQ ID NO: 1. Further, the capital letters in the 
nucleotide sequences represent sites of the mt 3-243 
mutation, and (P) at the 3' ends means being 
phosphorylated. The probes were labeled with BODIPY 
(trademark) FL or TAMRA (trademark) in a conventional 
manner. 



28 







SEQ ID 
NO: 


20 


227-246 


13 


21 


227-247 


14 


22 


256-235 


15 


20 


249-230 


16 


17 


231-247 


17 


16 


231-246 


18 


20 


254-235 


19 


16 


239-254 


20 


18 


247-230 


21 


17 


246-230 


22 


18 


247-230 


.21 


17 


246-230 


22 



Table 9 
Probes 

Name Sequence (5' — 3') 

3FL-mt-F3-20 tttgttaagatggcagGgcc- (BODIPY FL) 

3T-mt-F2-21 tttgttaagatggcagGgccc- (TAMRA) 

3T-mt-Rl-22 gcgattaccgggcCctgccatc- (TAMRA) 

5T-mt-R2-20 (TAMRA) -ccgggcCctgccatcttaac- (P) 

3T-mt-F2-17 ttaagatggcagGgccc- { TAMRA) 

3T-mt-F3-16 ttaagatggcagGgcc- (TAMRA) 

3T-mt-Rl-20 gattaccgggcCctgccatc- (TAMRA) 

3T-mt-Fl-16 gcagGgcccggtaatc- (TAMRA) 

3T-mt-R2-18 gggcCctgccatcttaac- (TAMRA) 

3T-mt-R2-17 ggcCctgccatcttaac- (TAMRA) 

3FL-mt-R2-18 gggcCctgccatcttaac- (BODIPY FL) 

3FL-mt-R2-17 ggcCctgccatcttaac- (BODIPY FL) 

PCR and Tm analysis were performed by using a 
plasmid incorporated with a region around the mt3243 
mutation as a sample and Smart Cycler System (Cephied) 
under the conditions shown below. The excitation 
wavelength and the detection wavelength in the Tm analysis 
were 450 to 495 nm and 505 to 537 nm (BODIPY FL) and 527 
to. 555 nm and 565 to 605 nm (TAMRA), respectively. 

Table 10 

Composition of reaction mixture 

H 2 0 15. 995 pL 

10 x Gene Taq buffer 2.5 pL 

40% Glycerol 3.125 pL 

10 mM each dATP, dUTP, dGTP, dCTP 0.5 pL 

2 U/pL Uracil-N-glycosylase 0.05 jiL ■ 

5 |iM Probe 1 

100 mM MgCl 2 0.375 ]iL 

100 pM Primer F-27 - 0.25 pL 

100 pM Primer R-22 0.125 pL 

.5 U/pL Gene Taq FP 0.125 pL 

Sample (0 to 2000 copies) 1 pL. 

Total 25 pL 
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Table 11 

Reaction conditions 
50°C, 2 min 
i 

95°C, 2 min 
i 

95°C, 1 sec 

66°C, 18 sec (50 cycles) 

1 

Tm analysis (l°C/sec) 

PCR and Tm analysis were performed by using each 
probe. As a result, only when the probes 3T-mt-R2-18, 3T- 
mt-R2-17, 3FL-mt-R2-18 and 3FL-mt-R2-17 were used, changes 
in fluorescence intensity that could be analyzed in Tm 
analysis were observed. The positions of the probes 
relative to the nucleotide sequence containing the mt3243 
mutation are shown in Figs. 4 and 5. The wild type 
sequence and mutant type sequence shown in the drawings 
correspond to the nucleotide numbers 214 to 263 in the 
nucleotide sequence of SEQ ID NOS: 1 and 2, respectively. 
Further, in the drawings, F denotes a fluorescent dye. On 
the basis of the positions shown in Fig. 4 and 5, it is 
considered that whether the probe can be used for Tm 
analysis depends on the position of C bound with a 
' fluorescent dye, and the length of the probe is not so 
important so long as the polymorphism site is included. 

Mixtures of samples containing plasmids having the 
mutant type sequence and containing plasmids having the 
normal type sequence at various ratios were prepared as 
samples, and quantification was performed by using the 
probe 3FL-mt-R2-17. The results are shown in Fig. 6. 
Regardless of the ratio of the mutant type sequence, the 
mutant type sequence (mutant) and the normal type sequence 
(wild) could be distinctively detected. 
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When the probes 3T-mt-R2-18, 3T-mt-R2-17 and 3FL-mt- 
R2-18 were used, similar results were also obtained. 

In Fig. 6, the vertical axis represents a primary 
derivative value of fluorescence intensity with an 
inverted sign (-dF/dt), and the horizontal axis represents 
temperature ( °C) . 

Industrial Applicability 

According to the present invention, methods for 
detecting and quantifying the mitochondrial DNA 3243 
mutation and a kit therefor are provided. 

Further, according to the present invention, a 
quenching probe effective for detecting the mt3243 
mutation is provided, and a method for detecting the 
mt3243 mutation by using it and a kit therefor are further 
provided. Because the Tm analysis is completed within 
several .tens of seconds, time required for the detection 
can be markedly reduced. According to a preferred 
embodiment of the present invention, wherein amplification 
of nucleic acid in the presence of the probe and Tm 
analysis are combined, only the Tm of the probe is 
analyzed after the amplification of nucleic acid, and 
therefore it is not necessary to handle the amplification 
product after completion of the reaction. Accordingly, 
there is no risk of contamination with the amplification 
product. Further, because the detection can be performed 
with the same equipment as required for the amplification, 
it is even unnecessary to move a vessel. Therefore, 
automatization of the method is also easy. 



